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TV (DDS) , -rv ^^VTR ^^fBli^S^^ 

£f ijffl L j*-fc > ^ - t^EOfr-fc y*Y- \z$M ZtiZ> mW&^ > "9— ^> fig 
%7 > y & - • ^ 'K ^ > -7 4 if*, r y*)v * * & tmt^-r 

[0 0 0 2] 

*f-izx nmm-thm^, fern, wmmti&mtzfttiL-t&mwzmm-fzzt 
•c?ft>tix£tzo *mizm.m$i l zm&^&%ftxmt&&fzb%:fr<?tz 0 

[0 0 0 3] 

[ftwtm&k L£nt-t& mm] 

[0 0 0 4] 
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[0 0 0 5] 

mm * nm-r 2>tz&<D^m 

$b*£ri*;*:IBK|fi|±-r&o 
[0 0 0 6] 

X\ iMYMVt ^tt« J- * ^ ri* $ «b fcfc^T § * o 

[0 0 0 7] 

[0 0 0 8] 

U^rt^ * t n it 4 c £ X\ amm^<r>W& i tz (i * - ;K7)y±A& & 
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[0 0 0 9] 

MtL^ti, 'ptz < t i> 2jti)-h^^it^^-m^^, IVa-VIIK IVbfrhmit 
[0 0 10] 

ftfbfc, «ftfl#£T*j££:ft*«8&**y^*£o SEE^-f -yiR±, 

[0011] 

ttmnmitx* •y^-tz'o^xmzm^xm.wzft or, mat, mm. 
mm, z-wrmsm. m&m. m&mnmtzmmtt-tLxmi&ztix^&o 
mi (a) kzxtui^ m&mt,mMm&i^m&mti!>H&&mz&&ztLX\<* 
zm^-ztflx^Zo ^-mmzis^xit, mmzftLxz-^vTimsmtsm 

ta^t, mzmitmi (a) <nmMw&frbmi (t>) ©titt, mi ( c ) 

[0 0 12] 
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mt%mm*W:~$-z>, $>z>^^tmm (i) Hum:i:i:j:D, sur 

[0 0 13] 

S£14, Mtt <h <?- <7>#cS £ £ El l ^ L £ * mm.-$ ho & £ , 

[0 0 14] 

JSte**LTv>* 0 ££>K, H4<DJ:^U, *fiBte-3M8tel©$l$ (EI 4 (b) 

fi&*nK-ft*^oai»ttRigT?, mitvm*mitzit& ztx\ ftmm<o%x-* 

[0 0 15] 
[0 0 16] 
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[0 0 17] 

L < , ^^4^«#{ifb^#2»#:«t4^i§*ei-^±^f f L < , GaAs, 

GaSe, AlAs, InAs, A1P, AlSb, GaP, GaSb, InP, InSb, In2Te3, ZnO, ZnS, ZnS 
e, ZnTe, CdSe, CdTe, CdSb, HgS, HgSe, HgTe, SiC, GeSe, PbS, Bi 2 Te3, Sb2S 
e3, Mg2Si, Mg2Sn, Mg3Sb2, Ti02, CuInSe2^ CuHgIn4, ZnIn2Se4, CdSIlAs2^ Agl 
nTe2^ AgSbSe2, GaN, A1N, GaAIN, BN, A1BN, GaInNAsfcfc\ I-VWi. I-VI|£, II 

-iv Wi, ii-vm, n-nm. iii-vbu m-vm, w-ivm, i-m-vm, i-v-vii 

, II-III-VI^, Il-IV-V^&t* frbmifti, IVa~-VIII, VibfrhmiXtLtz4?&< 
[0 0 18] 

*&v>i±, QDA(Q (2Sc, Y, y > 9 / 4 V, Ti, Zr, Hf, V, Nb, Ta, Cr, N 
i, Znfrbmi£titz'J>%:< ti> im, A(±C, N, 0, F, SfrbMKfiti'Jrtt: < t i> 
It, DJi, V, Cr, Mn, Fe, Co, Ni^fcSWTftfc^fc < <h & 1 

[0 0 19] 

MAX (Mil, B, Al, Ga, Infrbmtttltz&tk < t & 1 fl, A(iN£ 
fcliP^&jStfftfc^fc <ttll, X(iIVa-VIII, IVb/^jI(£*i7^& < t i> 
It) T^^tfr^Sffc, ZnOX (XfiIVa~VIII, IVbJ&*<b«Wr*lfc>J? 

&< Iff) XhZ>m$L¥-mfo. £><2>^{i, D0Z (D(iTi> Zr, V, Nb, Fe, N 
i, Al, In, Sn, frbMttflti&lk < 11) , Z(iD7tff£B£ < IVa-VIII, IV 

[0 0 2 0] 
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WlZlig, Ti, Zr, Hf, V, Nb,Ta,Cr£#tf Ila-VIa, La , Ce£#fr 
y>?/4 b\ In, B, Al, Ga, Si£^tf Ilb-IVb^ ^>m^ti/c7C« £ , F, 0 

[0 0 2 2] 
[0 0 2 3] 

tfz, T£t|£#:(i, 7XTt:^v^Jr t 'J 7^4' < £ & 1 0 19 

[0 0 2 4] 

tt#i:Lt(i, CoPt, FePt, CoCrPt, CoTaPt, FeTaPt, FeCrPtfr t<D ^#^^10 
00eJ^±-C*^>t-t*W^i L < , t tzK&mkfct LT(2, PtMru PtPdMn, FeMn 

<o^mm&*wib, ^zxm^^ti&m&Vft lx, cot ^(iCo^A^iFeCo, 

CoFeNi, CoNi, CoZrTa, CoZrB, CoZrNb^#^ £ ffl v \ t fz z\<Dm<7)im®.fet 
LT(i, Cu, Ag, Au, Ru, Rh, Ir, Re, 0s&Z>^^tZtth<D£m<7)£-&^ Mit^>) 

[0 0 2 5] 

ttz, &&M®LmZmm-fZ>m&i£t LTfi, Fe, Co, Ni, FeCo^:fe, NiFe£- 
CoNi£-#, NiFeCo£-#, FeN, FeTiN, FeAIN, FeSiN, FeTaN, FeC 

oN, FeCoTiN, FeCo(Al, Si)N, FeCoTaN m^mit^}, WiUfo, felt®. IHttk 
7 yftM14#^'ft^^tL^>TMA Cm, Fe, Co, Ni7^3Sf£tt/;^& < £ & 1 ft 
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, M(i, Mg, Ca, Ti, Zr, Hf, V, Nb, Ta, Cr, Al, Si, Mg, Ge, Gvfrbmittit: 
'P%<bi>\m~ itzAii, N, B, 0, F, CfrhMiStLt:4?&< t i> 1 ft), ab* 
Wi(Co, Fe)M (M(± Ti, Zr, Hf, V, Nb, Ta, Cu, B^f>Stf#i^=6r < £: i> 1 
ft) , £>&v>(iFeCr, FeSiAl, FeSi, FeAl, FeCoSi, FeCoAl, FeCoSiAl, FeCoTi 
, Fe(Ni)(Co)Pt, Fe(Ni)(Co)Pd, Fe(Ni) (Co)Rh, Fe(Ni) (Co) Ir, Fe(Ni) (Co)Ru, 
FePt^lziXmZti&TL (T(±Fe, Co, mfrbMlttltz'J?* < t i> 1 L (iCu, A 
g, Au, Pd, Pt, Rh, Ir, Ru, 0s, Ru, Si, Ge, Al, Ga, Cr, Mo, W, V, Nb, Ta, 
Ti, Zr, Hf, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu 

frt>miftLt:4?&< ti>im )m<vmm*.Vf, ££**w±, ?^o^^^tmn 

Sb (X(±, Ni, Cu, ?tfrhmi$ft.tz'J?tz < t LaSrMnO, LaCaSrMnO, Cr02 
lz4X%:Zti2>^-7 * *>M**h &£VM±, QDA(Q(iSc, Y, 9 > 9 J A K, Ti 
, Zr, Hf, Nb, Ta, Znfrbmi$tifzp% < H 1 ft, AfiC, N, 0, F, S^ii(;f 
ft7^&< ti, im, D(i, V, Cr, Mn, Fe, Co. mfrbmi£tifzptc< Hit 
), &&vM±GaMnN, AlMnN, GaAlMnN, AlBMnN^cDRDA (Rf±, B, Al, Ga, Intf^ 
i§(£*l£ 1 3t> D(i, V, Cr, Mn, Fe, Co, Ni frhMlftifzim. AtiAs, C, N, 0 

, p, sfr^m^titzim) mizitmzfL&m&^m*, ^yx^ 

o 

[0 0 2 6] 

ttz^hK, StT£+r7^ ^n>-9-^Xt;-t^i#^-C(±, El 1 & =t CKO 3 , lU 

2 -cut j& $ tifzmm ~7 *. } ) mnmz xmm.^- & t , c l 

[0 0 2 7] 

(HMM 1 ) 

MB E (^BIxt:>Jry-) -/i^ffl^TlII7tc^-r^TO+r>-7 0 ^^^L 
[0 0 2 8] 

> y ^ i 
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■9- 7 r>fT (0001) *«/4ft#MI A1N(5OO)/**';T0W&JI A1N : Si(100)/|E 
fiii AlMnN: Si(10)/gfii8Brt£* CoFe(lO)/ h > H A10(l)/H5g«tt 

© CoFe(l0)/JK3iH3£14« PtMn(25)/m® Ta(3) • Cu(100) • Ta(25) 

3l«±HAlN«:*f>^i:*#lj5 0 0-6 0 0°Cco«fiJt (*MWUI±5 5 0 °C 
) KTffrSU M^TAlN:Si/AlMnN:Si#)iM^^2 0 0 -3 0 OV<ommMM 

(mmmzu2 5 o°o tcr, -eo_LtccoFe*Ma-2 0 ot^iw (*s 

W^liMa) KTf&SLfco AlMnN : SiiitiAlo.8Mno.2N : SiKTfMcL^o AIMn 
NJSOMn*l±0.001^f>0.25* f «<>SiftttA<fiBitt#:fc LTffrS-T?^ So (#) 
SMfrfc UtlLTV^I t£«L7^o SfcAIN : SiHfi^-V 0 T«ft:<h L 
tEU;t©t, AllfaN : Si«tcSb*Wtc^r^';r*aAi-*^twEL"Cv^ 0 . 
[0 0 2 9] 

«; Tttl&Ofc46t: K-7 , ^&Sil±ft&*.i,&*#fc LTO. 001^£>0. 3CT 

ti6**OAlN : SiHK*3»t&ft&*Ji&**£: LT0.lt LTKU 
7&£*-;l/8!l5i£KJ: LT 1 0l8/cm3j^±-e^)o7t<7)T% A1N : Si, AlMnN 

: smiz j|&^*£0. it tree Lfco 

[0 0 3 0] 

^-<7)±{IA10, CoFe. PtMn^itmt^o ---CA10( )<*>( )|*J<OffiJ±, 
HU^AlOl^ftlllpco^tfflt^^L, ^&KttAl*0.3~0.7nmJ&!l&, 
B^*^$Hfc^&Clt£ii*OiILTfi;faL*:o ---e(±, d<7Xg£0.3;9^500nm 

Al203?:X/^y ^tCj; f)Jt«i-^>^^^o7to 500nm 

ILfco $P>tw-e-O±HTa(3)/Cu(50)/Ta(25)*?FML«ffifc L/io 
[0 0 3 1 ] 

ZZ-Cl]UXLfz^->y°)U(Dn mi±ennr^<7)-9-^X(ii3 «t-ei.5^mX3^m^) 
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[0 0 3 2] 

Lt^f), T-§4/itf\ ^^M^^ltT^f o7to PtMn^ffl^/i*^ 280°C\ 5 
[0 0 3 3] 

[0 0 3 4] 
[0 0 3 5] 

[0 0 3 6] 

3K) izig-tb, fwH¥M*(:^^ri^fc 0 Tm#&*^f>l£^S^ 

(0-200V) nioTti, ^ktt^$*v^*, ^omneppi (mT-^^-v; 
rmm^htmm^W)) (0- — 200V) laotMii^tt^ttsiii 

*o 1 -eii«fci£in:sie»±*57- 2 0 v-cmu, ft- 1 2 ovcm 

'J It ^y^-y a >mW'Ci>^> d < £ & dfilnm 

^JSWCfi, A1N/A1N : Si/AlMnN : Si^WiHSJSrfflv^^ ft&Mlttf 
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[0 0 3 7] 

ttz, iiimm<v ftmmmzx, txftmzn o/cGai_ x Mn x N : si, ( 

Gao.5Alo.5)l-xMn x N : Si, (Al 0 . 9B0. l) l- x Mn x N : Si £fflv*T *> , H^^Sft 

o L^L, *ir'J rmmfct LTAIN : Ge^GaN: Sitj:t**m^Xi>mm,<n>m=f' 
[0 0 3 8] 

^m/mam) wmmzmm-rzztx^ &mm^<v*wT&Ai<z±^xm j & 
zmnx* # > mm^mtx 4 ? ^*-$mx ^&zt /:„ 

[0 0 3 9] 

(^ifceo 2 ) 

[0 0 4 0] 

o 

[0 0 4 1 ] 
[0 0 4 2] 

^leyijtt, i6xi6 fr?-^ 1 rn y ? t u ^-tts rn * * ^ l/jo 

[0 0 4 3] 

& £ , CMOSH^-gR <h ^Mi" * A6 OTE0S/1 M 3 > * * Mc li, Pt/SrRu0 3 * ffl 
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[0 0 4 4] 

Wa% t-V •? 4 x <DMMM & m^WrMm (i0. 5//mX0.7//m^^o 
[0 0 4 5] 

[0 0 4 6] 
[0 0 4 7] 

[0 0 4 8] 

m 9 Kx^-tx n jc, ie§i*& i , isii^2 tcr^^ti^ 7- m<h try h^m 
i o ct^tii ^^jat/L^T-spo^t/L^^ffii-* try Mi--t >xm$i<z 

[0 0 4 9] 

<£>i&^>^e>j £H i i <7)mizmi&-f&ztiz£^xi) 3>7^77';^^ , J 

[0 0 5 0] 

^a77>^^'J, Z> v > (iFPGA& £ r tc ffl v > f, ft & M^i®$&<7)mm £ 7jk t T v » 
&o EITN Rcti, EETOoniStnl-e, Vo= Vi X (Rv+Rc)/(Ri+Rv+Rc) OiTO'S 
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Rvap<h L, K¥ft<om<7)imJitf^"t^-Z> 

Vd<Vo= ViX(Rvap +Rc)/(Ri+Rvap+Rc) 
Vd>Vo= ViX(Rvp +Rc)/(Ri+Rvp+Rc) 

t # * o 

[0 0 5 1 ] 

ft, Ell 1*T\ FETte*n^tlCWSV^^±t,Zftmt&Z£tfl$M^$>2> 0 
[0 0 5 2] 

£ tz v - vm. t\fy y m. n > h mm £ ti tz&w tcssei- & - 1 w t l 

[0 0 5 3] 

(**W3) 

PLD -F-JIM*) ftSrfflv»r^TO^>y^*ftffiL7to 

[0 0 5 4] 
•9" > 1 

•y~~7 r 4 t (oooi) mwmm ai n (500)/* * t^sain : si (ioo)/$m 

m AlCoN : Si(lO)/g£fi814S NiFe(10)/h >^^^Ji A10(l)/B5efi8t£« 
CoFe(10)/RSSigttJi PtMn(25)/S«£ Ta(3) • Cu(100) ■ Ta(25) 
(^ynrtOft^lilit*, * ? 3[*|<7)^.fi(±nm) 

^£±K:A1N£&£>^ 6 0 0-8 0 0 ro&^SJS (*lWt:ii6 5 0 °C 
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) HTfpJ&U M^TAlN:Si/AlCoN:Si#-«$l£^4 0 0 - 6 0 Ot^IffiS 
(ASyfit)C(i5 5 0°C) Ct, <e-<7>±KCoFe£Mi&-2 0 Ot^iSfiS (*M 
^UtiMrm) ICTf^L/io AlCoN : SiJi(2Alo.8Coo.2N : SiKTffrflc Lfco AICo 
NgOCo*{i0.00l7&^0.25^ft^#mi4^.<M14#i: LTf«T"§, £o (#) 

X%ZL?zi><DX\ AlCoN ! SiHU^^atm^^UT^riAi-^^CKLTV^o 
A1NISK AlCoN I Si*^ttii^mii^*^0. It LtKl/: 0 
10 0 5 5] 

-e-O±HA10, CoFe, PtMn^^lftL^io -Cl'eA10( )l*I<7Mfi(±. ^Ht^S 

BifOA10f^ftMI¥(7)^ftfil^^L, »K:(iAl £0.3-0. 7nmJ&iim, 
m%^mt~$-Z>c\t*m ] 0&LX\'tmLt2o CCT'fi, d<7)tit£0.37^£>500nm 
tDmm-emkZ^XftJ&Zft^tZo lOOnmi^X 
OJ¥^O^tC(i, A1 2 0 3 £P LDlCi ^mm-r^^n-otzo ifz^ 500nm^ 

h^^O^ri-trM^j • mtVmL, I^^MLto PtMn(iS?MM4#:-C\ 
?H^^HJ: «^£CoFeJt£@^ttJI<b LT^& 0 m^-Wmty it Y 'J V 
^77^ y *W£#i£KJ: 0, ftbffllniXL^o $ ±KTa(3)/Cu (50) /Ta( 

25)*3Bj£L*Sfc L Ttio 

£ - "CSnX L > ■?)], (On%. m±tmU(r>*y 4 X(±i3 J: -ei. 5// mX3^ m<7)fl 
[0 0 5 6] 

LTj3»K T^^7tftt> ^*»«rjgttTtfo^:o PtMn£ffl^£*:i£>, 280°C, 5 
W^«IL, PtMntC— ^(ol^tt^ft-^L^o 
[0 0 5 7] 

i7c«WJ-C(i, P LD&Ucfc *)%mWk i kVm\^tzt>\ MBEft^i^A' 
[0 0 5 8] 
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[0 0 5 9] 
10 0 6 0] 

•9" 1 K*3V>Tfl95eifift|&llj&*4 K^t> 3 7 0 K KT^fflhefcff o fcIS* 

-8ov) cioTii, atffcii^sfcv^*, ^omiienor dfi±^t'j7M 
mfrb&mm) (o— sov) ^j;oT5«i4#i4^^-ra#i4^^L^o 

1 -C(i^^miffe(i*t- 1 8 Vt-ML, ft- 5 0 V KTft*<?)}g#L^fc£ 

£tt£fci&, v 3 >Jgl?-C*-5 d < & d {ilnm^£>1000nm<7>$& 

H-C*JSt4WiLv» 0 (0 7#J&) 
(Uttfli 4 ) 

PLD (/^W^l^-^'-it^) S*fflv»fWW>^iML/:o 

[0 0 6 1 ] 
+h > 7 0 ;l/ 1 

glassM/IT0/Al 2 0 3 (100)/ZnNi0(15)/ZnCo0(5)/MnZn0(20)/CoFe(5) NiFe(2)/ 
Ru(0.7)/NiFe(5)/A10x(l)/CoFe(15)/PtMn(25)/Ta(5)/Cu(l00)/Ta(10) 

gl ass^M± H IT0/A1 2O3 (d) /ZnN iO/ZnCoO/ZnMnOO ^Jf JK * 450 °C 7)- <b 650°C <7) 
*1£7&Jt 0 0*0 i:tMLfc 0 itiibOjRo^jStztt/^^ W 

— f-it»&*fflvs m^JEl XlO-lTorr^TfroTto ^OJi^CoFe/i^NiFe 
iflili&TtX/^7 *&K-CfNtLfc 0 ---eZnNiO^(iZn 0 .5Ni 0 .50Hr, Zn 
MnO^(iZno.75Mno.250^"^^ ZnCoOJf fiZno. 75Coo.250^"Cffr££ftTi3 ») , IT0 
miiW&t Lt, ZnNi0«t±*^ Ttft#&« tLT, ZnCoO/ZnMnOJf &&&m t L 
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tE$*iti/>4o itz, Jr<D±.(DCoFemFe/Ru/mFeli&m&1±mt LTESft 
s CoFe/NiFe/Ru/NiFe/A10x/CoFe/PtMn75 ? A10x^ h >*)Vmt Lfzm5tf&tHm=FU 
Sr«JSLTV^ 0 NiFe/Ru/NiFe<7)®(ict f)#^4^ffcHIlE^^-t^:i6C# 

A§ < i-^^^tz, d^±# < , Mffi&tffti L^^X\ 5 0 VJ^±oeppT(75^ 
£-KJ±, < <h & d(ilnm75^1000nm(7)$BiaTi#)Si-^>(7)^?i Lv> 0 
[0 0 6 2] 

ic & v> x m b^f±5 £ ft £ o 

[0 0 6 3] 

ffii^ iE<Dm\±tm (m^mmmfrh*^ >) rmsm) (o-uov) 
m) (o- — i8ov) K£^xmmm&zmi-&mii*7FLtzo m%mm 

%fflftM&lt%)- 2 0 V-Cf&iJiU 5 0 V^Tft^Ojm^ft^U 
K (ig&f P <7)Mla] £ ^ L fz o 
[0 0 6 4] 

tft mm h v y vts 9 ) ttzm^*z>mz^i>mmmt-?$>z> 

o zKDZtlZX 19. TFT^ H B H <7)-r h <; ^^^{C^:^<7)J: %mt*4 y^frZ 

^itztizm^x z h\zm$L^titzm.%* ^Mt^^t^ti, 

[0 0 6 5] 

£ tz^mmmx mTo/ki 2 o 3 (d)/ZT^io/znCoo/zimo^mm^m^ tz^K ^-r 
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[0 0 6 6] 

[f&BW$b£] 

* , fy' ?^f-nMJ-7 (DDS) , -r- v ^iVVTR ^^>^|S^SOH 

%=yy^U ■ • (MR AM) , fcjjmt, tiM£BE&it% ¥*tftto 

irZfclji tz \XWm. -t > -9— * 4 v» (iffe-fc > -9- - ^Ifc^RJS-b > -9- -^<7)# 14 

[0 1] 
[H2] 
[03] 
[EI 4] 
[15] 

[me] 

[0 7] 
[0 8] 
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[19] 
[01 o] 
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